This paper describes design of the trajectory and analysis of the stability of collinear point L 2 in the Sun-Earth system. The modified restricted three body problem with additional gravitational potential from the belt is used as the model for the Sun-Earth system. The effect of radiation pressure of the Sun and oblate shape of the Earth are considered. The point L 2 is asymptotically stable upto a specific value of time t correspond to each set of values of parameters and initial conditions. The results obtained from this study would be applicable to locate a satellite, a telescope or a space station around the point L 2 .
Introduction
This paper deals with the Sun-Earth system with the modified restricted three body problem model[as in Kushvah (2009a,b) ] including radiation pressure, oblateness of the Earth and influence of the belt. Further it considered that the primary bodies are moving in circular orbits about their center of mass. It is well-known that five equilibrium points(Lagrangian points) that appear in the planar restricted three-body problem are very important for astronautical applications. The collinear points are unstable and the triangular points are conditionally stable in the classical restricted three body problem[please see Szebehely (1967) ]. This can be seen in the Sun-Jupiter system where several thousand asteroids(collectively referred to as Trojan asteroids), are in orbits of triangular equilibrium points. But collinear equilibrium points are also made linearly stable by continuous corrections of their orbits("halo orbits"). In other words the collinear equilibrium points are metastable points in the sense that, like a ball sitting on top of a hill. However, in practice these Lagrange points have proven to be very useful indeed since a spacecraft can be made to execute a small orbit about one of these Lagrange points with a very small expenditure of energy[please see Farquhar (1967 Farquhar ( , 1969 ].
We considered the Chermnykh's problem which is a new kind of restricted three body problem, it was first time studied by Chermnykh (1987) . This problem generalizes two classical problems of Celestial mechanics: the two fixed center problem and the restricted three body problem. This gives wide perspectives for applications of the problem in celestial mechanics and astronomy. The importance of the problem in astronomy has been addressed by Jiang and Yeh (2004a) . Some planetary systems are claimed to have discs of dust and they are regarded to be young analogues of the Kuiper Belt in our Solar System. If these discs are massive enough, they should play important roles in the origin of planets'orbital elements. Since the belt of planetesimal often exists within a planetary system and provides the possible mechanism of orbital circularization, it is important to understand the solutions of dynamical systems with the planet-belt interaction.The Chermnykh's problem has been studied by many scientists such as Jiang and Yeh (2004b) , Papadakis (2004) , Papadakis (2005) and Jiang and Yeh (2006) ; Yeh and Jiang (2006) .
The present paper investigates the nature of collinear equilibrium point L 2 because of the interested point to locate an artificial satellite. Although there are two new equilibrium points due to mass of the belt(larger than 0.15) as obtained by Jiang and Yeh (2006) ; Yeh and Jiang (2006) , but they are left to be examined. All the results are computed numerically using same technique as in Grebennikov and Kozak-Skoworodkin (2007) , because pure analytical methods are not suitable. For specific time intervals, and initial values, these results provide new information on the behavior of trajectories around the Lagrangian point L 2 .
Location of the Lagrangian Points
It is supposed that the motion of an infinitesimal mass particle is influenced by the gravitational force from primaries and a belt of mass M b . The units of the mass and the distance are taken such that sum of the masses and the distance between primaries are unities. The unit of the time i.e. the time period of m 1 about m 2 consists of 2π units such that the Gaussian constant of gravitational k 2 = 1. Then perturbed mean motion n of the primaries is given by n 2 = 1 +
3/2 , where T = a + b, a, b are flatness and core parameters respectively which determine the density profile of the belt. A 2 = r 2 e −r 2 p 5r 2 is the oblateness coefficient of m 2 ; r e , r p are the equatorial and polar radii of m 2 respectively. r = x 2 + y 2 is the distance between primaries and x = f 1 (t), y = f 2 (t) are the functions of time t i.e. t is only independent variable. The mass parameter is µ = m 2 m 1 +m 2 (9.537 × 10 −4 for the Sun-Jupiter and 3.00348 × 10 −6 for the Sun-Earth mass distributions respectively ). q 1 = 1 − Fp Fg is a mass reduction factor, where F p is the solar radiation pressure force which is exactly apposite to the gravitational attraction force F g . The coordinates of m 1 , m 2 are (−µ, 0), (1 − µ, 0) respectively. In the above mentioned reference system and Miyamoto and Nagai (1975) model, the equations of motion of the infinitesimal mass particle in the xy-plane formulated as[please see Kushvah (2008) , Kushvah (2009a) 
where
From equations (1) and (2), the Jacobian integral is given by:
which is related to the Jacobian constant C = −2E. The location of three collinear equilibrium points and two triangular equilibrium points is computed by dividing the orbital plane into three parts
For the collinear points, an algebraic equation of the fifth degree is solved numerically with initial approximations to the Taylor-series as:
The solution of differential equations (1) and (2) is presented as interpolation function which is plotted for various integration intervals by substituting specific values of the time t and initial conditions i.e.
(for the triangular equilibrium points). The equilibrium points are shown in figure 1 in which two panels i.e. (I) pink points correspond to the collinear points and black points correspond to the triangular points for the Sun-Earth system, whereas panel (II) show the zoom of the neighborhood of L 2 . The numerical values of these points are presented in Table 1 . It is seen that the positions of L 1 , L 3 are shifted to rightward; L 2 , L 4 are shifted to leftward; and L 4 is also shifted to downward with respect to their positions in the classical problem. The nature of the L 5 is not discussed in present model because it is same as the nature of L 4 . But the detail behavior of the L 2 with stability regions is discussed in sections 3 & 4. 
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Comments on the Parameters
However,in general, it might be difficult to know the critical values of the parameters, but they could be obtained with the help of Interval Arithmetic(IA), which was introduced by Moore (1963) . As per the IA, if I a = [a 1 , a 2 ], I b = [b 1 , b 2 ] be two intervals, then four basic arithmetic operations can be defined as:
• Difference:
• Product:
• Division:
The division by an interval containing zero is not defined in basic IA, so this case is avoided.
It is supposed that mass of the Sun m 1 is greater than mass of the Earth m 2 , therefore , the domain of mass parameter can be obtained as:
From relation r 2 c = (1 − µ)q 2/3 1 + µ 2 , the domain of mass reduction factor q 1 is given as:
And from relation A 2 = r 2 e −r 2 p 5r 2 , where r e ∈ [ǫ 4 , r] and r e ∈ [ǫ 5 , r], ǫ 4 ≥ ǫ 5 ≥ 0. The domain of oblateness coefficient can be obtained as:
Now from relation n 2 = 1 + ]. In particular if ǫ i = 0(i = 1, 2, 3, 4, 5), m 1 +m 2 = 1 (unit of mass), r c = r = 1(unit of distance), then it is obtained µ ∈ [0,
, and M b ∈ [0, 1.6748]. But in the present model it is considered that 0 ≤ F p ≤ F g , r e ≥ r p , so definitely q 1 lies in [0,1], A 2 ∈ [0, 1/5] i.e A 2 = 2.4337 × 10 −12 .
Trajectory of L 2
The equations (1-2) with initial conditions x(0) = x(L 2 ), y(0) = 0, x ′ (0) = y ′ (0) = 0 are used to determine the trajectories of L 2 for different possible cases. For plotting of the figures, the position of L 2 at t = 0 is considered as the origin of coordinate axes. The figure  2 show the trajectories of L 2 with four panels when q 1 = 1, M b = 0.25, A 2 = 0. The panels (I-II): describe the case 0 < t < 927.3. In panel(I) trajectory is moving chaotically around the L 2 with x ∈ (−1.66639, 1.66663), y ∈ (−1.66885, 1.6708) and in panel (II) the energy integral E is oscillating with negative values(approximate value is -1.99804). The panels (III-IV) are plotted for 927 ≤ t ≤ 933 for which the trajectory departs from the point and energy integral becomes negative for t < 929.9, after this time it becomes positive. The maximum value of E is 43.8974(at t=931.5). Also, when t > 931.5 then E is found strictly decreasing. The effect of Earth oblateness to the trajectory of L 2 is shown in figure 3 which is plotted for q 1 = 1, M b = 0.25 and A 2 = 0.0004. The behaviour of trajectory is almost same as in above case, and integral of energy is negative for 0 < t < 937.47. It is clear from panels (I-II) the trajectory moves away from the Lagrangian point L 2 when t ≥ 940. Initially energy integral has negative values for time 0 ≤ t ≤ 940 and it becomes positive for time 940 ≤ t ≤ 942.02, which attains maxima E = 25.2749 at t = 941.6, if t ≥ 942.03 then E < 0 is found.
The details of trajectory and energy are presented in Table 2 for various values of parameters and the effect of parameters on the stability is presented in Table 3 , when A 2 = 2.4337×10
−12 (for Sun-Earth system). One can see that maximum value t m of time for which trajectory moves around the points, which is an decreasing function of M b . When A 2 is very small in (10 −10 − 10 −3 ) the value of t m is initially decreasing function of A 2 and increasing function of q 1 . It is obtained that the value of t m is very small when A 2 > 10 −2 .
Stability of L 2
Suppose the coordinates (x 1 , y 1 ) of L 2 are initially perturbed by changing x(0) = x 1 + ǫ cos(φ), y(0) = y 1 + ǫ sin(φ), where to examine the stability of L 2 . Figure 4 show the path of test particle and its energy with four panels i.e. the panels (I&III):q 1 = 0.75, 0.50, A 2 = 0.0, in (I) trajectory of perturbed L 2 moves in chaotic-circular path around initial position without deviating far from it, then steadily move out of the region. It is found that the test particle moves in the stability region and returns repeatedly on its initial position. One can see that the oblate effect is very powerful on the trajectory and on the stability of L 2 . When A 2 is very small the L 2 is asymptotically stable for the value of t which lies within a certain interval. But if oblate effect of second primary is grater than 10 −2 , the stability region of L 2 disappears.
-7 - Table 2 . Maximum value of time t m for which trajectory of L 2 moves around the point when A 2 = 10 −j , pair (q 1 , M b ). 
Conclusion
The numerical computation presented in the manuscript provides remarkable results to design trajectories of Lagrangian point L 2 which helps us to make comments on the stability(asymptotically) of the point. We obtained the intervals of the time where trajectory continuously moves around the L 2 , does not deviate far from the point but tend to approach (for some cases) it, the energy of perturbed point is negative for these intervals, so we conclude that the point is asymptotically stable. More over we have seen that after the specific time intervals the trajectory of perturbed point departs from the neighborhood and goes away from it, in this case the energy also becomes positive, so the Lagrangian point L 2 is unstable. Further the trajectories and the stability regions are affected by the radiation pressure, the oblateness of the second primary and mass of the belt. 
